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METHODS OF TREATING SUBTERRANEAN ZONES AND 
VISCOUS AQUEOUS FLUIDS CONTAINING XANTHAN 
AND A COMBINATION CROSS-LINKER - BREAKER 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION ' 

[OOOl] The ipresent invention relates to methods of treating subterrainean zones in 

. formations penetrated by well bores with viscous cross-hnked aqueous treating fluids 
that comprise water, a xanthan biopolymer gelling agent and a combination cross-linker 
and delayed breaker. 

2. DESCRIPTION OF THE PRIOR ART 

[0002] Viscous aqueous treating fluids are used in a variety of operations and treatments 

in oil and gas wells. Such operations and, treatments include, but are not limited to, well 
completion operations, production stimulation, treatments, formation permeability 
conformance control treatments and the like. 

[0003] An example of a well completion operation involving the use of high viscosity 

aqueous treating fluids is gravel packing. In gravel packing operations, solid particles 
referred to in the art as gravel, are carried to a subterranean zone in which a gravel pack 
is to be placed by a viscous cross-linked aqueous treating fluid. That is, particulate 
gravel material such as sand is suspended in the viscous cross-hnked aqueous treating 
fluid at the surface and carried to the subterranean zone in which a gravel pack is to be 
placed. Once the particulate gravel material utilized is placed in the zone, the viscous 
cross-linked aqueous treating fluid, also referred to as a carrier fluid, breaks into a low 
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viscosity fluid, llie gravel pack produced functions as a filter , to separate formation 
. solids from produced fluids while permitting the produced fluids to flow into and 
through the well bore. * 

[0004] An example of a production stimulation treatment utilizing a viscous cross-hnked 

aqueous treating fluid is hydraulic fracturing. That is, a viscous cross-linked aqueous 
treating fluid referred to in the art as a fracturing fluid, is pumped through the well bore 
into a subterranean zone, to be stimulated at a rate and pressure such that fractures are 
formed and extended into the subterranean zone. At least a portion of the fracturing 
fluid carries soHd particles such as sand, referred to in the art as proppant, which is 
carried into the formed fractures. The particulate proppant material is suspended in the 
viscous cross-linked aqueous fracturing fluid so that the particulate proppant material is 
deposited in the fractures when the fracturing fluid is broken, i.e., reduced to a low 
viscosity fluid. The particulate proppant material functions to prevent the formed 
fractures from closing whereby conductive channels are formed through which produced 
fluids can flow to the well bore. 

[0005] The viscous cross-linked aqueous treating fluids utilized heretofore have been 

viscosified by combining a gelling agent with water. In order to increase the viscosity of 
the gelled water so that the treating fluid formed is capable of carrying particulate gravel 
material or particulate proppant material, the gelling ageiit in the water has been cross- 
linked by combining a cross-linking agerit with the gelled water. In order to break the 
viscous cross-linked aqueous treating fluid after it has been placed in a subterranean 
zone, a separate delayed breaker has also been combined with the viscous cross-linked 
aqueous treating fluid. A particularly suitable gelling agent which is often utilizied in 
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gravel packing or fracturing subterranean zones is xanthan bidpolymer. In order to 
cross-link the xanthan biopolymer gelling agent in water, a cross-linking agent such as 
sodium borate has been added to the gelled water and in order to break the viscous cross- 
linked aqueous treating fluid formed, a separate delayed breaker such as sodium 
persulfate has been added to the viscous cross-linked aqueous treating fluid While the 
use of separate cross-linking agents and delayed breakers with an aqueous treating fluid 
containing xanthan biopolymer gelling agent has achieved good results, the cross-liiiker 
and delayed breaker have been expensive and require the use of separate pumping arid 
meteiing equipment. Thus, there is a continuing need for improved cross-linking agents 
and delayed breakers which are less expensive and require the use of less equipment, etc. 
SUMMARY OF THE INVENTION 
[0006] The present invention provides improved methods of treating subterranean zones 

and viscous cross-liriked aqueous treating fluids that meet the needs described above and 
overcome the deficiencies of the prior art. In accordance with the present invention, 
iniproved methods of treating subterranean zones and viscous cross-linked aqueous 
treating fluids are provided which utilize a combination cross-linker and delayed breaker 
for xanthari biopolymer gelling agent/ That is, the combination cross-lii^ 
breaker is a single chemical compound that cross-links xanthan biopolymer and after a 
delayed time period also functions to break the viscous cross-linked aiqueous treating 
fluid. The combination cross-linker and delayed breaker of the invention is particularly 
suitable for use with xanthan biopolyiner gelled water in wells having low bottom hole 
temperatures in the range of from about SO^'F to about 1 60T. 
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[0007] A method of the present invention for treating a subterranean zone penetrated by a 

well bore is comprised of the following steps. A viscous cross-linked aqueous treating 
fluid that comprises water, a xanthan biopolymer gelling agent and a combination cross- 
linker and delayed breaker for the xanthan biopolymer gelling agent is prepared or 
provided. The viscous cross-linked aqueous treating fluid is pumped into the 
subterranean zone to be treated and then allowed to break into a low viscosity fluid. The 
combination cross-linker and delayed breaker for xanthan biopolymer utilized is a 
metaperiodic acid salt. 

[0008] A viscous cross-linked aqueous treating fluid of this invention for treating 

subterraneaii zones is comprised of water, a xanthan biopolymer gelling agent and a 
combination cross-hnker and delayed breaker for the xanthan biopolymer gelling agent. 
The combination cross-linker and delayed gelling agent is a metaperiodic acid salt. 

[0009] The objects, features and advantages of the present invention will be readily 

apparent to those skilled in the art upon a reading of the description of preferred 
embodiniehts which follows. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0010] The present invention provides improved methods of treating subterranean zones 

penetrated by well bores where the subterranean zones have temperatures in the range of 
from about 80°F up to about 160T. The methods basically utilize a viscous cross-linked 
aqueous fracturing fluid that ^comprises water, a xanthan biopolyraer gelling agent and a 
combination cross-linker and delayed breaker for the xanthan biopolymer gelling agent. 
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[0011] The water utilized in the treating fluid is selected from the group consisting of 

fresh water and salt water. The term "salt water" is used herein to mean unsaturated salt 
solutiohs and saturated salt solutions including brines and seawater. 

[0012] The xanthan biopolymer gelling agent is generally present in the viscous cross- 

linked treating fluid in an amount in the range of from about 0.25% to about 1.5% by 
weight of water therein, more preferably in an amount of from about 0.5% to about 
0.75% and most preferably about 0.6%. 

[0013] The combination cro3S-linker and delayed breaker for the xanthan biopolymer 

, geUing agent fxmctions to cross-link the xanthan biopolymer and thereby increase the 
viscosity of the treating fluid for a period of time. The particular time depends on the 
bottom hole temperature of the subterranean zone being treated and the amount of the 
combination cross-linker and delayed breaker utilized. After the period of time that the 
xanthan biopolymer is cross-linked during which the treating fluid is placed in the 
subterranean zone to be treated and remains in the subterranean zone, the combination 
cross-linker and delayed breaker functions to break the viscous cross-linked aqueous 
treating fluid whereby its viscosity is reduced and can be recovered from the 
subterranean zone. As is well understood by those skilled in the art, when the treating 
fluid contains suspended particulate gravel or proppant material, the particulate gravel or 
proppant material is deposited in the subterranean zone or in fractures formed therein 
wheh the viscous cross-linked aqueous treating fluid is broken into a low viscosity fluid. 
The viscosity of the treating fluid when cross-Hnked is generally in the range of from 
about 20 centipoises to about 70 centipoises (measured at 51 1 sec-1 on a Fann Model 35 
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viscometer with standard bob and sleeve) and after the treating fluid is broken, it has a 
viscosity in the range of from about 1 centipoise to about 10 centipoises. 

[0014] The combination cfbss-Unker and delayed bretdcer of this invention is a 

metaperiodic acid salt. Examples of metaperiodic acid salts which can be utilized 
include, but iafe not limited to, potassium metaperiodate, sodium metaperiodate, 
ammonium metaperiodate, calcium metaperiodate, and lithium metaperiodate. Of these, 
potassiiun metaperiodate is preferred. The metaperiodic acid salt utilized is present in 
the viscous cross-linked aqueous treating fluid of this invention in an amount in the 
range of from about 0. 1 % to about 1 .5% by weight of the water therein, 

[0015] A method of this invention for placing a gravel pack in a subteiranean zone 

penetrated by a well bore, i.ei, placing particulate gravel material in the subterranean 
zone, is comprised of the following steps. A yiscous cross-linked carrier fluid 
coinprising water, a xainthan biopolymer gelling agent, a combination cross-linker Mid 
delayed breaker for the xanthan biopolymer gelling agent, and suspended particulate 
gravel material is prispared or provided. The viscous cross-linked aqueous carrier fluid 
is introduced into the subterranean zone and then allowed to break into a low viscosity 
fluid whereby the p^iculate gravel material is deposited in the subterranean zone. The 
viscous cross-hnked aqueous carrier fluid includes the components and amounts of the 
components as described above. 

[001 6] The suspended particulate gravel material included in the carrier fluid is selected 

from the group consisting of graded sand, bauxite, ceramic materials, glass materials and 
polymer beads. Of these, graded sand is generally preferred. 
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[0017] The suspended particulate gravel material i? included in the viscous cross-linking 

aqueous carrier fluid in a general amount in the range of from about 10% to about 250% 
by weight of water in the earner fluid. 

[0018] A method of this invention for fracturing a subterranean zone penetrated by a well 

bore and depositing particulate proppaht material in the fractures formed comprises the 
following steps. A viscous cross-linked aqueous fracturing fluid that comprises water, a 
xanthan bippolymer gelling agent, a combination cross-linker and delayed breaker for 
the xanthan biopolymer gelling agent and suspended particulate proppant niaterial is 
prepared or provided. The viscous cross-linked aqueous fracturing fluid is introduced 
into the subterranean zone at a rate and pressure sufficient to fracture the subterranean 
zone. Thereafter, the viscous cross-linked aqueous fluid is allowed tp break into a low 
viscosity fluid whereby the particulate proppant material is deposited in the fractures and 
the low viscosity fluid is recovered. The componeiits and their amounts in the viscous 
cross-linked aqueous fracturing fluid are the same as those described above. 

[0019] Examples of the suspended particulate proppant material in the fracturing fluid 

include, but are not limited to, graded sand, bauxite, ceramic materials, glass materials, 
aiid polymer beads. Of these, graded sand is generally preferred. 

[0020] The suspended particulate proppant material is generally present in the fracturing 

fluid in an amount in the range of froni about 10% to about 250% by weight of the water 
in the fracturing fluid. 

[0021] A preferred method of the present invention for treating a subterranean zone 

penetrated by a well bore comprises the steps of: (a) preparing or providing a viscous 
cross-linked aqueous treating fluid that comprises water, a xanthan biopolymer gelling 

• ■ -7- ' 

l.doc 



agent and a combination cross-linker and delayed breaker for the xanthan bippolymer 
gelling agent; (b) introducing the viscous cross-linked aqueous treating fluid into the 
subterranean zone; and (c) allowing the viscous cross-linked aqueous treating fluid to 
break into a low viscosity fluid. . • 

[0022] A preferred method of this invention for placing particulate gravel material in a 

subterranean zone penetrated by a well bore comprises the steps of: (a) preparing or 
providing a viscous cross-linked aqueous carrier fluid that comprises water, a xanthan 

' polymer gelling agent, a combination cross-linker and delayed breaker for the xanthan 

polymer gelling agent, and suspended particulate gravel material; (b) introducing the 
viscous cross-linked aqueous carrier fluid into the subterranean zone; and (c) allowing 
the viscous cross-linked aqueous canier fluid to break into a low viscosity fluid whereby 
the particulate gravel material is deposited in the subterranean zone. 

[00231 A preferred method of this invention for fracturing a subterraneaii zone penetrated 

by a, well bore and depositing particulate proppant rnaterial in the fractures formed 
comprises the steps of: (a) preparing or providing a viscous cross-linked aqueous 
fracturing fluid that comprises water, a xanthan biopolymer gelling agent, a combination 
cross-linker and delayecl breaker for the xanthan biopolymer gelling ageiit, and 
suspended particulate proppant material; (b) introducing the viscous pross-linked 
aqueous fracturing fluid into the subterranean zone at a rate and pressure sufficient to 
fracture the subterranean zone; and (c) allowing the viscous cross-linked aqueous 
fracturing fluid to break into a low viscosity fluid whereby the particulate proppant 
material is deposited in the fractures and the low viscosity fluid is recovered. 



[0024] A preferred viscous cross-linked aqueous treating fluid of this invention for 

treating subterranean zones comprises: water; a xanthan biopolymer gelling agent; and a 
combination cross-linker and delayed breaker for the xanthan biopolymer gelling agent, 

[0025] In order to further illustrate the methods and aqueous treating fluids of the present 

invention, the following examples are given. 

EXAMPLE • 

[0026] A 60 pound , per 1000 gal xanthan gel (in a 9.7 pound/gal potassium 

chloride/sodium bromide brine) was prepared in the laboratory as follows. A mixture 
coniprised of 893 milliliters of water, 0.04 grams of biocide, 0.94 grams of citric acid for 
complexing iron in the water and preventing premature cross-linking thereby, 116.4 
. granis of potassium chloride clay stabilizer, 130.4 grams of sodium bromide weighting 
material, 0.5 milliliters of 20"* Baume hydrochloric acid for adjusting the pH and 
dispersing the xanthan gelling agent, and 7.2 grams of xanthan gelling agent was first 
prepared. The mixture was stirred for 2 minutes after which 5.4 milliUeters of caustic 
solution was added to raise the pH and cause the xanthan gelling agent to jdeld viscosity. . 
20 milliliters of a de-emulsifier was then added to the gel, and various amounts of 
potassium metaperiodate cross-linker/breaker were added to samples of the gel The 
samples were tested for cross-linking and breaking at various times. The results of the 
tests are set forth in the Table below. „ » 



1307534_1.doc 



-9- 



\ 



TABLE 



Viscosities Over Time 



Metaperiodate 

cross-linker/breaker, 
pounds/ 1000 gal 


Time 

Hrs 


■ Ihr 


2 hrs 


3 hrs 


1 day 


2 days 


10 


61 cP 


63 cP 


66 cB 


46 cP 


42 cP 


25 


XL 


XL 


XL 


15 


14 


50; 


XL , 


XL 


XL 


8 


8 


. 75 ; 


XL 


XL 


17 


. 3 


3 


100 


XL ' 


XL 


XL 


1.5 


. 1 



XL means cross-linked. 



[0027] From the Table it can be seen that the metaperiodate cross-linker/breaker 

functions in the xanthan gel as a cross-linker and then breiaks the cross-linked gel to a 
lowviscosity fluid. 

[0028] Thus, the present invention is well adapted to carry put the objects and attain the 

ends and advantages mentioned as well as those which are inherent therein. While 
numerous changes can be made by those skilled in the art,' such changies are 
encompassed within the spirit of this invention as defined by the appended claims. 

[0029] What is claimed is: 
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